
Structure, Preparation and Physicochemical Properties of Boronate Esters 
of 4-Methoxybenzene Boronic Acid and D-Mannitol 
 
Antonio Lopalco1, William A. Marinaro1,2, Victor Day3, and Valentino J. Stella1 

1
Department of Pharmaceutical Chemistry,  

The University of Kansas, Lawrence, KS 66047 
2
Current address, Formulation Sciences, Merck & Co., Inc., Summit, NJ 07901 

3
Small-molecule crystallography Laboratory, The University of Kansas, Lawrence, KS 66045 

 
To study the influence of D-mannitol concentration on the solubility of  
4-methoxybenzene boronic acid (4-MBBA) in aqueous solution at pH 3 and 25°C.  
A phase solubility analysis was performed at pH 3 with a saturated solution of 4-MBBA 
(34.3 mM), an excess solid of 4-MBBA (100 and 300 mM) with added D-mannitol 
concentrations of 0-500 mM at 25°C. Supernatant and solid phases, after dissolving, 
were analyzed by HPLC. Isolated solids were characterized by DSC, TG analysis, X-ray 
powder diffraction and single crystal X-ray studies, where possible. The solubility of 4-
MBBA in the presence of D-mannitol was lower in the presence of D-mannitol and its 
behavior suggested that at low D-mannitol to 4-MBBA ratio, a 3:1 4-MBBA/D-mannitol 
solid material was formed. A crystalline material was isolated from a vial of a saturated 
solution of 4-MBBA with 10 mM of D-mannitol. The single crystal analysis confirmed the 
presence of the triboronate ester. At high D-mannitol concentration (120 mM and higher) 
crystalline material was isolated and the single crystal analysis confirmed the presence 
of the monoboronate ester monohydrate. HPLC analysis of the solid materials confirmed 
the ratio of 3:1 and 1:1 4-MBBA/D-mannitol. TG analysis and DSC confirmed the 
presence of one molecule of water in the crystal structure of the monoester. The 
solubility of 4-MBBA in the presence of different concentration of D-mannitol was 
investigated at pH 3. At 10 mM and high D-mannitol concentrations, the formation of 
triester and monoester was observed respectively. The esters were characterized by 
DSC, TG analysis, crystallography and HPLC. The formation of sparingly-soluble 
boronate esters explained the change in total solubility of 4-MBBA with added D-
mannitol.  One cannot assume that boronic acid compounds in the presence of D-
mannitol will have enhanced solubility over the parent boronic acid through rapid and 
reversible ester formation. 


